a b s t r a c t Tw o glasses compositions (50B 2 O 3 -30PbO-20SrO-xDy) and (50B 2 O 3 -30PbO-20BaO-xDy)
Introduction
During the last two decades, the using of the glasses material attracts enormous attention. Among the glasses material the borate glass containing transition metals, such as ZnO, PbO, due to the ability to tailoring its properties to fit special applications. Recent developments in the field of borate glasses have led to a renewed interest in the fields of leasing and Opto-communications materials, optical filters and photonic devices [1] . Several attempts have been made to investigate the modified lead borate glasses materials. In that manner, Shaw et al. [2] and Zuh et al. [3] studied the phase separation of the lead borate glasses. Besides, Xi et al. [4] and Wang et al. [5] , were reported that the ratio of PbO/B 2 O 3 is playing an essential role in the structure of the glass network. Adding heavy metal oxides, such as BaO and SrO, to the lead borate glasses is one of the most widely used methods to tailoring the optical properties and radiation shielding of the glasses [6] . The great change in the optical properties of the glasses was experienced by adding a rare earth element to the structure of the glasses. Pisarska et al. [7] studied the lead borate glass contains Dy 3+ ions and investigates the luminance properties in the presence of Al 2 O 3 and WoO 3 . In their study, the absorption and luminance properties of the glass were investigated and compared by the estimated theoretical values using Judd-Ofelt (J-O) calculation. The same group studied the Dy 3+ luminance transitions 6 H 11/2 at 662 nm, 6 H 113/2 at 573 nm and 6 H 15/2 at 480 nm [8] . In addition, the yellow/blue luminescence of trivalent Dy was studied as a function of the B 2 O 3 /PbO ratios in the presence of Cr 3+ as an alkaline metal [9] . So far, however, The research to date has tended to focus on investigation the luminance properties of lead borate glasses containing Dy 3+ in the visible spectral region rather than the IR spectral region [7] [8] [9] .
In the present study two glass series were prepared, (50B 2 O 3 -30PbO-20BaO-XDy), and (50B 2 O 3 -30PbO-20SrO-xDy) where x = 0, 0.5% and 1%. The study has tended to focus on studying the optical properties of the lead borate glass containing Dy 3+ ions in the presence of two alkali earth metal oxides (BaO and SrO) in both the visible and the IR region. The experimental data will compare with the theoretical data obtained from the J-O framework to estimate the absorption and luminance characteristics to investigate the suitability of the studied glasses in the optical communication fiber.
2.
Experimental details ) which were used as received without any farther purifications. The melt quenching technique was used in glass synthesis under atmospheric conditions. In the typical method, weighted materials were mixed carefully and melted at 1100 • C using an electric furnace for about 2 h in platinum crucibles. In the next step, samples were cast in a stainless steel mold and transferred into a muffle furnace and kept at 400 • C for annealing for 2 h, then the furnace was left to cool down to the room temperature overnight. Six samples were cut, polished and smoothed in 1 cm × 2 cm (±0.1 mm) rectangular shape with 2 mm (±0.1 mm) thickness. Finally, the samples named (base Ba), (0.5 Dy Ba), (1.0 Dy Ba), (Base Sr), (0.5 Dy Sr) and (1.0 Dy Sr) as shown in Table 1 .
Samples preparation

Glass density measurements
The traditional Archimedes method was used to determine the glass densities at room temperature by weighing the samples in both air (wt air ) and weighed in submerged xylene (wt immeresed ). The density of the glass (D) is estimated from the equation:
wt air wt air − wt xylene × 0.863 (1) where, 0.863 represents the xylene density in units of g/cm 3 . All measurements were performed in triplicate different samples for error elimination and estimation. The results of the density measurements were illustrated in Table 1 .
Optical absorption and infrared measurements
The absorption spectra of the samples under investigation were carried out using (JASCO model V730 Japan) spectrophotometer and the results were illustrate in Fig. 1 . While, the FTIR spectra of the samples measured using (Bruker Model Vertex 70) Spectrometer using the KBr disc technique in the spectral range 4000-400 cm −1 . The FTIR spectra were demonstrated in Fig. 4 .
Results and discussion
Optical absorption
The absorption spectra in the UV-vis-IR spectral range from 300 nm to 2000 nm were illustrated in Fig. 1 the inset shows the sample (1.0 Dy Sr) focused on the range from 425 nm to 550 nm headed for identifying the two absorption peaks at 448 nm and 476 nm which corresponding to the transitions 
Calculations of the optical band gap
The fundamental optical band gap (E opt ) of the two studied glasses systems has no sharp edges as shown in Fig. 1 . However, by using Beer-Lambert-Bouguer law, with simple modification the optical band gap energy calculated thought the equation [11] :
where m take values of ½ or 2 for direct allowed, indirect allowed transitions respectively, C is a constant and ˛ is the absorption coefficient. The optical band gap values were obtained by extrapolating the linear region of the plot of Eq.
(2) for m= ½ was illustrated in Fig. 2 -a, while the fitted one for m = 2 was illustrated in Fig. 2-b . It is observed that the value of the optical band gap in case of direct allowed or indirect allowed transitions for the Ba system glass nearly does not change with increase the Ba, and the value is around 2.97 and 3.41 eV respectively. On the other hand, for Sr system, the direct-allowed decrease from 3.11 to 2.88 eV, and indirect allowed transitions band gaps decreases from 3.50 to 3.41 by increasing the Sr content. However, directly allowed or indirect allowed band gap increase by increasing the Dy 3+ in the samples. These results are in agreement with Marimuthu et al. [10] findings. The optical band gap energies have been used to determine the different values of refractive index (n) by using Dimitrov and Sakka relation [12] .
where E g is the direct optical band gap for allowed transitions.
The refractive index values enlisted in Table 1 .
The reflectance distribution and the refractive index distribution are shown in Fig. 3 -a and -b). The two figures indicate the sensitivity of the reflectance distribution and the refractive index distribution to the different transitions of Dy 3+ .
FTIR absorption spectral data
FTIR absorption spectra are demonstrated in Fig. 4 . The network observed in the studied two glasses systems are in the main three infrared bands. The band around ∼794 cm −1 which related to the combination of both phosphate and borate groups (BO 3 and BO 4 ) with the first phosphate partner. The band <750-1150 cm −1 related vibrations of both non-bridging PO 2 groups and the stretching vibrations of BO 3 groups. The band <1150-1600 cm −1 related to (OH), POH, and BOH vibrations. In addition to the vibrations of metallic cations at about 460 cm −1 . The peak at about 2920 related to the hydrogen bonding, while the peak at about 3400 related to the OH group.
There was no change in the absorption band between the studied samples. The previous study has reported the same results using NF 3 phosphate glasses [13] .
The detailed band assignment are showed in the Table 2 .
Judd-Ofelt calculations
The calculations of the radioactive transitions properties illustrated by Judd-Ofelt theory [14, 15] is important to understand the optical properties of the Dy 3+ doped glasses in both the 
where m is the electron mass, h is the Plank's constant, is the wavelength, n is the refractive index of the glass, and U is the doubly reduced matrix of the unit tensor obtained from Weber [16] were applied respectively. By applying the samples parameters (e, l, N, and OD()) the experimental oscillator strength of an electronic dipole absorption transition f exp is given by:
where e is the electron charge, N is the number of active ions per unit volume, l is the sample thickness, and OD() is the optical density. The Judd-Ofelt parameters ( = 2,4,6) calculated using the least squares fitting method (r.m.s.) according to the selection role | S| = 0, | L|≤ 2, | J|≤ 2 [17] . The fitting accuracy between the calculated and the experimental parameters was estimated using the equation:
where P is the number of observed transitions on the absorption spectrum. However, the values of r.m.s. is small and the values of f cal and f exp , is closed to each other. The results of the f cal , f exp , ˝ and r.m.s. are illustrated in Table 3 .
Commonly, the parameter 2 is considered to be a metal covalency marker while the parameters 4 and 6 consider to be a host matrix rigidity marker. The values of the 2 of the sample (1.0 Dy Sr) in Table 3 indicate that the Dy-O covalency is strong and the asymmetry is low compared with the other samples. This result is in agreement with the results obtained by Refs. [18, 19] . The value of 2 is increase by increasing the ratio of the Dy 3+ in the two glasses matrices. The parameters 4 and 6 indicate that the sample (0.5 Dy Sr) is higher rigidity than the other samples and has also a higher spectroscopic quality factor ( 4 / 6 ). The factor ( 4 / 6 ) is a significant laser parameter in expecting the stimulated emission in a laser active media. The trend of the is 2 < 4 < 6 which the common trend and also in agreement with the previous work [14] . Several attempts have been made to investigate the Judd-Ofelt parameters 2 , 4 , and 6 in addition to the factor ( 4 / 6 ). The present study has reported good fit values to the previous studies which reported in Table 4 . The calculated refractive indexes at every transition are demonstrated in Table 5 . The data from this table can be compared with the data in Table 1 which shows a good fit.
One of the most important advantages of the Judd-Ofelt analysis is the prediction of the radiative transition probabilities A(J, J ′ ) for the electric dipole transitions between excited states and the lower level of the Dy 3+ which can be calculated using the parameters via the equation:
A(J, J ' ) = 64 2 e 2 3h 3 (2J + 1) × n(n 2 + 2) 
The lifetime of radiative an excited level is calculated by the inverse of the sum of A(J, J ′ ) values calculated overall terminal levels:
The luminescence branching ratio ˇ J, J ′ which, indicates the relative intensities of transitions from the excited, J, state to another level, J ′ , is given by the relation:
The value of the branching ratio indicates the possibility of using the radiative transition band in the laser devices. Table 6 illustrates the values of the branching ratio of the most sensitive radiative transition and their corresponding radiate lifetime.
It is apparent from this table that the two transition 6 H 11/2 and 6 F 11/2 in the demonstrated four samples is a quite possible candidate for using as gain media in 1700 nm and 1300 nm respectively (ˇ ≥ 0.5). the values of ˇ in the rest of the transitions reveal that the not all the transition is high potential for using as gain media except for sample (0.5 Ba Dy) at the transition 6 H 7/2 and the samples (1.0 Ba Dy and 1.0 Sr Dy) at the transition 6F5/2. A Highly laser media candidate system was introduced by Vijayakumar et al. [22] using Dy 3+ doped Zinc borophosphate glasses. The absorption cross section at any transition abs () is given by the equation:
where N is the concentration of respective Dy 3+ ions for each sample. The corresponding emission cross section at the same transition () is given by:
where Z l is the partition function for lower levels and Z u is the partition function for upper concerned in the measured optical transition, T is the room temperature and E zl is the zero line energy for the transition between the lower Stark sublevels of the emitting and the receiving multiples. The values of ( emis ) for the transition 6 5 illustrates the predicted absorption and their corresponding emission for the transitions 6 F 7/2 , 6 F 9/2 , 6 F 11/2 , and 6 H 11/2 in the four samples under investigation.
The optical gain coefficient G() is a very important function that helps to estimate the probability of operating laser wavelength using the equation [26, 27] :
where P is the population inversion rate for laser transitions (4 transitions, N is the concentration of Dy 3+ ions. The values of P were taken as 0, 0.1, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09 and 1.00. The distribution of the gain profiles for Dy 3+ ions are illustrated in Fig. 6a-d . Commonly the function G() is calculated for the most intense emission peak, (at ≈ 1267 nm in our study), but what interesting in these study is calculating of the function G() for the four transitions 6 H 11/2 , 6 F 11/2 , 6 H 7/2 , and 6 F 7/2 which have the possibilities to use as operating laser wavelength media or in the optical communications fibers and laser emission wavelengths (ˇ ≥ 0.5). 
Conclusion
Successfully two glasses compositions (50B 2 O 3 -30PbO-20SrO-xDy) and (50B 2 O 3 -30PbO-20BaO-xDy) where x = 0. 0.5%, and 1.0% in wt.% ratio, were prepared by melt quenching technique and from the experimental absorption spectra showed the regular transitions of the Dy 3+ ions and the bandgap energy in both direct and indirect regimes remain without any significant change in case of the presence of Ba 2+ while the band gap decreases then increases with the increase of Dy 3+ in case of Sr 2+ present. The mean regular transitions 6 F 3/2 (748 nm), 6 F 5/2 (798 nm), 6 F 7/2 (900 nm), 6 F 9/2 (1090 nm), 6 F 11/2 (1267 nm), and 6 H 11/2 (1672 nm) where observed in the absorption spectra. Also, the refractive index obtained from the experimental data agrees with the one obtained from theoretical calculations. The FTIR study confirmed there was no change in the absorption band between the studied samples. The existence of the structural units such as BO 3 , BO 4 and PO 4 and the presence of non-bridging oxygen with increasing Dy 3+ ions concentration were identified. The Judd Ofelt calculations reveal that the sample (1.0 Dy Sr) has a strong Dy-O covalency and low asymmetry comparing with the other samples. On the other hand, the parameters 4 and 6 indicate that the sample (0.5 Dy Sr) is higher rigidity than the other samples and has also a higher spectroscopic quality factor ( 4 / 6 ). The obtained results were in good fit with the previous work. In addition, the results of this study showed that the two transition 6 F 11/2 and 6 H 11/2 in the demonstrated the four samples is a quite possible candidate for using as gain media in ≈1267 nm and 1672 nm respectively (ˇ ≥ 0.5) in the IR region. On the other hand, the function G() for the four transitions 6 H 11/2 , 6 F 11/2 , 6 H 7/2 , and 6 F 7/2 in the visible region have the possibilities to use as operating laser wavelength media or in the optical communications fibers and laser emission wavelengths.
